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Abstract: 

The semiconductor device of the present invention includes a liner layer, which is 
formed on the inner walls and floor, gate spacers formed on both side walls of the gate 
stack patterns that play the role of a gate line, a first bubble stopper which is formed on the 
gate spacer and gate stack patterns, bit line spacers which are formed on bit line stack 
patterns that play the role of a bit line, and a second bubble stopper which is formed on the 
bit line spacer and gate stack patterns, and among such layers at least one is formed of 
multiple layers of silicon nitride layers and silicon oxide layers or multiple layers of silicon 
oxide layers and silicon nitride layers by an atomic deposition method. When structured as 
described above the gate stack patterns and bit line stack patterns may be buried without a 
void inbetween. 
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□ ssischi oi asoi ^8fb dis^oioii 

g 01 61^1 I'SS 4= 21 330IES 



01 gS!OII CHS! ^AI^HI 01&H2I- iTS ZH^OISm OH ^SIS X1I6352I flSOtl 2I8KM Oil SXI 
81 2 U °| a 01 2J3MU SSOI 1&£ S^OIIfe &?| HI A ?| 8191 XI SI^AHf^&lgAIISffsJ g X| fll 
25S£I2AH^] EEfe/S SS/H [^SHgAIH^ai £ XI HI5sAH^]» HI38KM ^API bHfL|Q.(^3l 
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(54) gjX}# tggsu ^K3| aggj ^ZL q3£g>^ 

B W82I BJEfll eehx| LH^ S URDU ««EI = EhOI LjS|, 71IQ1M El-g! ejUs Sh£ ?1I0!M ± 

^ ih@m^ t^£i = tiioim ^ioiai, taoim ^shoiai xioim ^ hhsm #chi m 

g£i= hH^s-^sf, him Era umE^i ^ n«@M^ season ««s hi^epel' ^ffli 

0IA1, #71 UIM Era £M0\M S! 7II0IM ^ HH@S 6MN BSB = fll2 tHg^|S| SWIA1 Oii: 
3CHE CH = ShUS SW5 S*fBOII 2|*KM £E|^ SS^ a £EIE £+»S»2| DS^, E= £ 
El= £+£Rf S £EI^ HflS^ a§^£g «S3Q| 2iCh OI^Til =?g*t g^, LH"LK XI 0 1 

M ^ fiH&M E^ HIM Era« ^ AKH1 SOIE HOI DHUs" 4= SI Eh. 

f&<y 

E IS SEK^ flsr 5ftf 7IS" S^tSS *Rg5fe ^WttS EA1*]- ?H5*E0IQ. 

E 2= B &S0II C0-EI- 3Af4 gSfSiSS ^1 SSfiW 4^ 2J= ^ S3 S»» EAItt MepEOID. 

E 3£ a g^gg bhE^I £XKHI xHg£! ^fi 3XI-A SsTBHS Hl-Sm EA|*J- *»E0|Q. 

£ 4^ g ^221 uj-Ex-ll dbX^ jflgsj ^1 SIA|-# S^^^ ^ ^ A| g^l EAItJ* EH) I 

S QOIOO^OIQ. 

E 5S £ 2 LHAI E .42J S^tSOil SJol-Ol ^^^! xH^^I ^It!" B i^BJ aj-E^I ^A|2J 

aoiohSEom. 

E 6 S E 7e E A-A a B-EtHI CO-Eh £J»# gsf^CHI 2iaKH S^^! tHgti" i 

»9 B9E0IQ. 

E 8a LH XI E 11a, S E 8b LHXI E 11 ^ E 5^ A-A a B-BCHI COg BJES ifc»SJ H|2 ^gg 
g§m?l ^lo^CH EAItj- B3E0ICK 
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B si-exo ±*r si n a^ss-wi at* 3^m, s-hskhis- siXrS ssfsg oiema ^£ 
a flee stsa ±» a n hswsoi h» aoio. 

KE1 HS^trilOil ma Si-Sxfl ±»1 H2«= 201 OH ° GHBI 51X112 SICK SJ-ESII ± 

»sj hsh oi.g.Ei= warn Ai-Eis a*sroiU4iEi5 a stem *a si-waxi 

1 2fH t!:D. OiatJ fi^MI ¥l*r7l «.SKM §BHEHI~ S3 ir^ 7I# §^B(low pressure 

chemical vapor deposit ion')S OjgSrOI SStlCK 

^ is saiei 7a°f s«t 7i# garaa assie s»a eai*t jh^feoick 

^aaiss, sEHsi jjfir tm 7i# s*raa aftws s*i£ uw shcu uh*.**wr2| « 
Gifia(&Ea 2)p r Eras aso-jaF #7i.mmm xixisf=- mm AiAicH(9)7r *ixi*k:k #7i. lh^ 
ss(i)2j a^ois ii ¥ sM(5)?t 9\mm xiL #71 ii^ s«(5)2i a^ons oiEi(7)7 r wxteO. 

#71 LH^ SM(1) SI SM(5)21 LH¥^ LH¥ SH(1)2| £fe Sr^Oil 2g£! £!§ S*(EA| 2MB 
(HI SJurCH fefg S^2J SJTO 4= 21CK gfg 7 r ±= LH¥ SM(1)2| Sr^OflAi SSEIOi 

500~800*c2J S£2h 4 MM2J SffiUWAI 81010(2) #WI W*m\ * DIESELS BIS 3h££ *!S 

UH7I01I 2WK> bH¥ SM(1)2| °« S^^'S HH^*!CK £ l&ilAK SCSI'S: IIS fill #o-E 01^ 
AI-H4 Sib SfEIWIOIEiM UErLHU, 82B1S 13 a 1-fe OHUME(vacuum manifold), 7r± 

DH LI ME (gas manifold)# LrEhtfCK tI3s: 17S SS'SSXIfl 

usual, #7i sftt sw 7i# B*rtia a«r «w i&m £E7i- hh*i *i eh (batch 

type)M ^4^H2| Sl'dlia #Oil atsj-g ^2^r7l UK ^ Oil aiOIItPI- S 01 (thermal budget)0| 
3S0I SiCK 

Eth SJ-Sai ±Xra H2AI4II- £EI5 tfHefill- tf Eia BSW2| 2^ SSM SOI xHH^Qh § 
EH^J 7^°T 5^ ^I4 V S^TSl iH§tl ^ &x|^ ^£1^ I'fl-^ 

§§# CUS CU^ S^HOt^^l UHSQ1I MSI 01 B (vacuum break )M «fi*|0|; tH"r= 

SOI SiCr. 

S ^ h SOI OI^HAhBfe M£ilO|37h 2*1! ^S B OI^M 

s££ sas ast!- ^xn sis^rS ai sick 

EE*]-. B ^"SOl Ol^HXr or^ OB mi\= M^|0|3 &H ^ ^ 0|^# ^ SAr# § 

i|§^ ^115 Xll^or^C-ll acK 

S-71 71^^ s irSer?! ^imc^ S ^"Sa S.^1 ^Afe OHEEX-il ^l&Oil M?Hx|7r SSSIOi 2JH, 
4^1 M?Hxl LH^ SI ErOIU^-OI ^^ElOj SiCh ^71 M^xlOil^ DH s §3^01 ^ y J£|Oi °iH, 

^1 M2HXI ^ DH a ^3^-01 ^Sx-il 71 e ^0«= EJt21 ol= ?i!0|M i@l 

2h 3 Sf^^OII 71I0IM ^10|Ai^ ^^£101 SICK 4^1 MOIM ^IHIOlAi ^ 5H§IM SMfe 

HI HB»X|Stt)l ^^ElOi SlH t #71 HOIM ^BOIAI ^ 7I0IM ^ les M0I1 DHUefe HI 
DHS 13^01 ^^£|CH SICK #71 X1lt OH^j #WI~ HIM El-oi ^h^ bJ|M£F°] ^ EHS 

Mm n ^^chi aiMEta ^ioiai7^ ^^eich sick #71 him ei-sj ^aioiAi s him E r °i ± E -^ hhs 

1 #CHI^ *i!2 HiM^AI^OI S«£I01 SlU, #71 X1I2 hHM^X|°| #5J HIMEj-^i ^ HI SI ArOll M 
OIE SOI DHS! S H 2 OHH SS^OI ^^£101 SJCK 

#71 ETOIUSt, «OIM ^101 Ai, XII HiM »7J^ HIM EK! ^rllOlAi S!Xil2 hfiM ^Al^r SOilAI ^01 
E Oi^ § r L r ^ SAr= S^fSCHI 2]or01 ^EIE BSW 3! 4*EI5 i+tr^ Cr^^ E^ £EI^ i>5r^" 
9! ^El^ Ht^°l CrS^^S ^^£101 SiCK 

#71 Cm 7IS^ ^5r7| ?|5KM, S iSHJ S^Ex-il ^Ar°J Xil^^S BIEfll 7IEKHI S 

OIM M2HXIM S#E!" #7| M^Hxl LH^ SI Hr^T #Oil ErOIU°tM SSt!"CK OICHAI, #7 1 M^xIM 
MOIE Ml DHsor^ OHM ^3^ V M ^Stt #71 M?Hx| SI OHM 39^0! ti#£! ^Ex-il 7 IS" #011 

Til oim ±™ immm ^#ti-cK o^m, #7i tiioim ±m m^m^\ >iioim ^ioiaim mstt 

m, #71 Til OIM ±MO\M #Oil X-ill HiM^AI^Il ^#*i-CK #71 fll HlM^ISI #°J #71 WOIM — 
HHSMBJ AFOIM SOIE 2iOI Xill DHU 13^25 DHgtl W #71 HI DHD ^9^1 #011 HIMEr°J 
nHSMM ^^^CK #71 HIM Er°J ^«Ofl HIMEI-2J ^SIOIAiM S«*K^ #71 HIM 

Er£! ^JHIOIAj SI HIM Eh°] ± E A ISM #011 7H12 tHM^AI^M tj#*KIK #71 M2 HiM^"A|5| #2| HI 
M Er£! EHSM^J ArOIH SOIE S10I H2 DHU g3^-£M DHUthCK 

#71 ETOIUSt, TflOlM ±18101 Al, HI bHM • HIM Er°J ±HIO|AI 3!H2 bHM ^A|5| §CH|A1 BjO| 

e oi^ em^ S7;r# e^raoii ^oFoi ^eie itr^si ^ei^ c r s^ e^ ^ei^ ±^°»- 

SI ^E|^ St r ^°J DSSf£S §«*CK 

01^ ^01 C^5|^M SSS 2f ^2 fi±M^ CrSf^ KirM .WflejCK WSCH, #71 ErOlU^, XIII Hi 
B ^A|°^ H2 bfl« ^A|°^ DHM HI DHS §3^, H2 DH^I SS^M M0|E KOI DHg% h ^ 

Si?ll §H5CK HEia, #71 71I0IM ±UQ\M S! HIM Er2! ±10IA1^ ±@! ?1H1E|A|7h §O r ±10IA1 « 
^i^iAl ±SI0IA1 BS^jII- H«l, 0H3CH ^E^l 7IS0IU HI DHU as^a-2| 4 

fi! E -*?HIM STBEI7I 7r^| 9* ^ HD. OIM CUEK ±10|A1§ S1^2J ^)J||M ^« ^ 2ACH MS TIP 
A|@±( loading capacitance^ a±AIB 4^ SICK #71 EKMUSh 7)|0|M ±5||0|A|, HI MS 
HIM Er£! ±101 A! SH2 bHM ^Al°^ SAr# S^S^M SS^r7| OH ^ Oil SEH^J ^^t r ^7l#g^ 
^M S^Oil HlUrOl 7ISWI 7rtHA|^ S Oiq# Ms 4 2iH, 25 MayOIH 2101 SSW 
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4= KQ. 

om. h^ess tts.t\m e &321 tiAioiv £isi as^a nau cum MAiste g ^asj ^ 
Aiwfe aa 7w ae«EHs 4= asm. s waei h*it> qsm £&sh= ^ aids on £>ga = 
2<s ohjq. e srsei tfAioife s stioiai g=*ie! xi^i xhhh h sra« so **mm M 

3*PI 91* KM IgEJOlXlS 20IQ. E30U1 E= 22?§2| 371 E= 5W = 31A|2| 39g« *! 

skm ihsaois aoiD. s«f. we am a= 71521 -*i(g)'oi aoas 71ns 3?. £7i 

01© BKM £71 DS S|2| $10)1 sis £11? 4E 2Sj2, 3 AK3IM XU32I OS awi 7H»I§ 4=E SID. 
E Zfe S S^M tQfi* Sftft i*ffl2£ 4 2ic «<W 5*§ EAJSJ TH^fEOIQ. 

7*»31£S, £ttft HStt 5«= 21*21 «|E1(£AI 2W)0I 2|ttKN 7H1 4= 21= 

&s ambush vs.* 715(25), ousch aa* 71501 soieu #71 et§ s3t»i(2i)2i ui^on sas 

AJSIEKsusceptor; 23)21, eg 71^101 #71 BM gU|(21) LH^S ?°JHEH £71 AJSE1(23) 
g*IS AEM SJE(shower head; 27)21, £71 &m SSU1(21) LH^°4 2,^1 2§S17I ?|UKM £71 BfS 1 
b« C21 )^ 21§» 331£(29)g ^bit^a 

£71 AISI SHE (27)= AIS gai 27H2J 71±?S5(9as inlet; A a B)0l SltlOi 2iQ. 333, AW 

soe(27)(hi= m\ mmm, gss 7i±. 12 smi, m emioi ^ejsa. £7i mi ersss 

AF^?S(SiH4)0l 101 Si^ bflM£1(EAI ffltt)0| ?Ha01 71^1 58«K)I 201X1= AlUgS 71^0101, #71 
71i= gi 71±L1 0ia£ 71^010), 12 iifg 101 gOiStfe bHgSKEAJ °^)(HI 5H3CH 
71±g ?2JSK)1 20171 = 4S7I0IEH, 13 3EU01(NH,)71 lCH2i= H1ME1(EAI gitt)OI ?H 

a oi 7i±g sgjsioi 201x1= sauoi 71^01 a. 

aSlH, All BJiig #?| 7iA ? oj3(A)| g SH 3i otg S|bH(21) LH¥S 4SEI3, 7312 Ssi S 13 
tf#lE £71 7^?S5(B)# gSKM StH(21) LH^S ?BSCt, £71 WI1 B^SgHK J»2 §§g 
S X1I3 ifi£| 7|->:5H Q=?ll *> 2c SU21 7^£KA E^ B) LH01IA1 BJSSfe 21 5j^A|7l7| £| 

wmd. £7i «n a £7i mm& ?i±= ^ w ih(vd a m im(V2)m mm &m 

abl(21) LH¥S2| ^01 X1ICHEIH, ^71 12 3 13 &s.^s. ^ J&3 »M(V3). 14 1^(V4) 

Oil °|8f01 £71 9fl 9fcH(11) LH¥S°1 ^SOI 1CHSD. 

E 3S S ShESI iXlOll XISE! a»S S«Sh= lUgg EAIt> *1E0I2, 

£ <S S 8fS2| &E3E1I 4X1°I SHgS ^1 SJXfs §SfS5:e §gA| SMM°| §^f EAJf EKJI 

9 aoioasoich 

7HI^££. SIEtll 715. WiaCH ^35 71501 S§S BtS SbHg SS SE(^EI5 ifs}Sf£| SSAI 
350-C, SEI5 §SP{-2| S«AI01I= 450*0011 Al 11 ^gg°! AFSt! 71-ig ?gJS101 B^EJll 71 5 
£011 ^a?# g*UI£!CK^S5 31). ^71 Al-SS! 71^^ AHJS!(SiH 4 )OI M012i= bHMEKMI 0^5 7HEJ 
01 ?l± 450sccraS 60i^ ga gCH5D. 

QSOi, £71 SfS gbHM OhS= 71^ 450sccn# IxlS 60i5 fflXltlCK^SI 33). Ol^tXl lag 
STS Al^aiOl 171 El 01 yESII 715 £M= SWB^B tfE!S& feTTI SQ. 

□•§01 ^7i ^eisoi a«ts*ra ?\&n ^as ifsi^t -^sspi *isioi= 12 ytia 

7I(H.-0)1 ^SttEKig 35). #71 4=§7IS $4^1^ 101°;= bH a El CHI 0S5 3HBICH 71i 450scod1 
6025 §EI E=, ^EI5 §2^1 S5§17l ?IS101^ ^3501 S^S^S 9!ESI 715011 

13 y§g°i g}2LI01 71iM ^Sti-Q. #71 f^SLIOl 7hi^ USUO^ lCH°i= tHgEiOD OfS£ ? H 
EI01 71^ 450scctnl 60i5 §3 2012CI-. 

Tfl^SKH. £71 S^g gtflg OhM5 gmg 71i 450sccml 2*1 fflXloMM ^SJ-gll, 0H3CH HCIOIU 
NH.CI11 ITmLK^a 37). 01^711 £13, Oh£H21 l&aq 1] a 2]2h SOI gJAl# 5?| 

°J £EI5 5Sl-SfOIU gag gsieiOl ^SgJQ. 

t*£r^J f 

SiCU * 2H.-0 -» SiO- ♦ 4HCI 
3SiCU ♦ 4NH, - Si.N. * 12HCI 

DSOi, Sj§ ^M°!7H »2JfH2(^g! 39) SSOJ tt)E1 310flAi ±® 3721 BTflS AWI1^»S Sf 
«*t>0. 01^711 4=HSO, 1 M0I1& Sf 1A2) fe'EIS 5^0IU 2« 1A2) ^35 SShHfOI tt«SI2t 

a. nan., tiweiai^ too +2% oisq. 

e aioioiai, £7i 11 ffggs Araia 7^1 a>§s^°u, ^a5 im*tm s«si7i ?it^ 11 ® 

§SS= AfSS! 7hi 21011 gEI5 S^AK)IE(Si-alkoxlde), ^35 Sa(SI-alkyl), SEI5 
SraOIE(Si-balide), gEIS OIQIECSi-amide)! Alif 4= 2!D. 332, X-H2 9lgl£= 4S71 21011 
H.0- a. ME^i□^ 5i(Plea»a 0 ; ), ht\ li:(N,0). lE^Dl 5a§i(plasma (tO) S* MS© 4 a 

Q. 

E*h tfas ia^lSSSh7l 11 Am® 21011 ^Eie grS(Si-alkyl), 4'EI5 

WaOIE(Si-halide). gEIS OWIE(Si-aniide)M WSSt 4 aD. 333, 13 fiJS*3= ?iSU01 21 

on la^oi ^suoK l3^□^ 11 a>s© ^ aD. 
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E 5^ E 2 LH XI E 42J a.n* S*tH0t 2|«HM ««B aSfftfl S 1*221 HEa -MJBI 

EflOfQI^EOID. 

3?aai£s, a^s-s aAisf *ieis asi-(ffi)a hi^eim s^knafo^s ^»a- eisa 7iske 6 lhxi 

EE 721 100) "SOII ^2S HOIS Effi!(gate line; 8/L)OI WXIttD. "1EII1, #71 HOIS 

EH2JCe/L)Sh MIS HIS Ef3(B/L)OI ?|x|*CH. 

£ 6 31 £ 7^ £ 52J A-A SI B-BOil [&Et SX r # SatOU 2|SH3| HStt-WEM ± 

^aa|2g, S »S2| -HEM ±XI~ SSH*I(102)01I 21sH 94 S*!(E 52j AR)2h HISS S*KE 53 
NAR)2S ?SSQ. #71 M?H x| (102)21 LH«0flS "SBM ^!#Ai *!3*£#S SSWPI ' flSFW S^xl £!" 
intrench oxide layer, 104)01 flttSI'Dl SID. #71 gH*KW2) LH°J ma*L .4HH& 
EHJIUSKl iner layer, 106)O| tiSEIGH SAD. #71 EK)mS(106)S £ 2 LHXI E 4CHI £S*J HISr »OI 
81 3.=TB2S #£15 Blr^Sr £E15 tftr*. K 2f DS^tmiit i layer )£S §St!0. □«» SKIS 
5*THSS «4S EHMUSKi06)S ±H- ^HfEiX|7| #71 IHS-01 #71 SgHx|(102) LH Oil DHSEI& OHM 
H39«m buried insulating layer)OI SOIE(vbid) SOI °h§ELH t!#£!D. »S, #71 SSI* S*T 

soil 3*101 EH3ius«vo6)# «.sb- sa»*t7i#«^aw 21*101 s^md ersa 715011 
twists s: timm -ite-AM 4 sin same 2101 ass- 4= sad. dhjfol #71 sssxi 
Art r ^(io4)E a7js's*ra.^s ssir 3^ ft-sa 7ibooo)ou ?itu\= a Bmm zmm s^ais 

4* SiD. 

#?i essa 71W1.00) &mhi= hois ±w niieiniB)^ n AH3ia.»sa. 7iSKioo)M 

^|-~ tf(£ 9a2J 120)01 «#SD. #71 HOLE ±m II@*(118)S E 53 TilOlM Bh2J (6/L) » 
D. nail, #71 HOIS *M BB(118)S HOIS 13^(110), fill HOIS E3^(1T2). 32 HOIS E 
251(114), HOIS S^(116)£S ?gSCh #71 HOIS 13^(110)^ £E|£ £«W£S ^#o|H, 
31 HOIS E&?f(l12)S SSsOl ES£! BE|fl.EI&5te£ ;?#?rll, #71 32 HQIS ES5f(114)S 
fiEIAKJiESf, CHINCH S±E! tfS|AH3IE5f£S ^«5 r H, #71 HOIS ^(116)^ ^EI5 ItF^j- 
2:S ^#*J-D. 

^7| HOIS ^ M2§(1 18)21 ^^Qil- HOIS ^ffllOl A1(122)g SSEIO) SAD. #71 HOIS ^101 

" "" ^ " " " "101 

M 

, _ . , _ . _ _ D 

^^o^ ^.sg^ go ±m 3HbM BlXj^r #01- ^UflOIAI ^J^AI ^Ea 71 B( 100)111- ^ffllOlAi 

ajzv a|ehb|71- o^SEIH 7r^ IT ^ ?iQ. 01011 CCfEk ^ffllOIAIg ^ h 
SAH S9 71SHAIS^:( loading capacitance)^ 2h£AI! 4^ SAD. #71 WM Hi M 

gj-Ai^( i24)m ^jxh# e^cHi m\o\ cmm^ =?&v ^^i ?ibieixi7f #7i w^m n\ dh^ 

1^^(126)1 SOIE 2101 4= SAD. IE, #71 HOIS ±HO|/d(122) S 31 HIM &X|^(124) 

S SXr# i^ h S2^ ^^§1-71 UH^CHI §BH2J ^°j"t}^7l^g^rS^S S^CHI dl^hCW «l"Exl 71 

5(100)011 7 l-o H XI ^ m Ol^fi 4= SAH, 2S MSIOIH SIOI 4= SAD. 

#71 31 OH^J ^35t(126) #011^ ^4^^H2] HIS Effi! — fi«§M(134)lF 3 AWI2| *(E I1b2j 136) 
01 ^^EiCH SAD. #71 dIS EHZJ ^ 1SM(134)^ E 5011 EAItl HIS Er3(ES/L) ^%tm tlCF. ^71 
HIS EPEJ A- E -i1 IH^M(134)g ^°T(128), HIS EI-2J E2^(130) ^ HIS Zt*} ld^(132)^S ^ 
#SD. #71 HIS EI-3 ^ EH^M(134)21 ^=^011^ HIS Er°l ^S1I0|A1( 138)71- ^^£101 S1H, #71 
HIS Eh2i ±HO|AI(138) S! HIS Er3 — ^1 1§M(134) ^011= ^12 HIM ^1^(140)01 *j£E|CH SAD. 

^71 HIS E^°J £101 A|(l 38) S! M2 HIM WA|°I(140)S E 2 LH XI E 4CHI Ai H[9\ 30| SXr# 

§^£S ^BIS ^tr^SF £E!^ I't^ ChS#^S ^#*ID. ^71 HIS EF3 £10|A1(138)M S 
XF# S^OII 21^h01 DS#^S £Si 71bHEIA|7h ^Oh ^EilOlAi ?m ^^Al Xill 

QHS §32t(first filling insulating layer, 138)11- ^lOIAI M§5|2r2| 4!^d|7r 

H ?m IT 4= SAD. 01 Oil DBK ^IIOIAIg M^^BJ ^])||M ^TM4 SAH S9 71I|lAIS£(loading 
capacitance^ S^AIl 4= SAD. HEIIl, #71 32 HIM ^AI°I(140)M SAr# e^SOil ^JohOI DS# 
^S g° 9\WEm?l #71 tm^OII 32 DH-S §3^-(second filling insulating layer, 142) 

m SOIE 2A0I 4= SAD. MB, #71 HIS Er3 ±IHI01 Ai(122) S ^12 HIM ^A|5|(140)S SAr# 

g^rg^s a«ei-7i [ihsoii §EH2j 73°rir*K7i#e*rs£s s*rsr s^oii hisi-oi ehEa 7ie(ioo)oii 
7h^HAi~ m omm ^ sah, b% meiioih saoi s«tr 4^ sad. 

E 8a LH XI E 11a, S! E 8b LH XI E llb^ ^ E S2| A-A 3! B-B01I im BfE8 ^X r 2J Xil^ 
^Soh7i *|SHM EAI& S-SEOID. 

E 8a a E fcfe °4EIM S^(activ« region)^ SSuhS 3"HS DEI-HID. 7a^£S, S^Ea 
71 S"( 100)21 £§ ArS^SSM OISSI-01 ^§ SO|S MBSDh ^I^^OI S?Hx| (trench, 102) 

M §2t!D. 0101 Al, #71 MBr^D^ ^!^A| &E8 5lS(10Q)2| ^^(damage)l tl^AI^I7l 2:71 
MB-fl (102)21 LH ^ Oil Saxl ^^(trench oxide layer, 104)# ^#^D. 

□SCO- #71 S?HX| i!trSK104)21 53, ^ S?Hx|(102)2J LH^ S bh^OII ^tr^(104) 
2J 53 #Qil EFQIU^direr layer, 106)* *aBD- #71 EHHU-SK10B)S E 2 LHXI E 4011 tfSt!" 
UHI- SOI £!Xr# §^TS(HI 2]^H ^Bl^ Str^S Sl= tf»ef2| DS^S ttfi^D. OISH SXrfi 
gsrgSS SSS EWIU^(106)S ±g! 71H1BIXI7I- DH^ ^4^orOf DH1 135|(buried 

insulating layer)HS #71 S?Hx|(102)m SOLE SAOI DH il h 4^ SAD. 3EIH, #71 EhOIUH|(l06)S 
SXre g^Tg^S S#Ur7l UH^CHI SEH2J X1^trt|7|^g*rSHS 3^011 H|5r01 &Ea 

71 5K 100)011 7RHXIS 1 01^1 is 4= SAj2, 2!S MMOIHaOl 4^ SiD. 

B ^AIOIIOIIAI^ EKIIUSKIOB)^. SJXr# g^TS^S ^g5^X|°t, #71 SS!!x| A^°t(104)2h 
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aoi : L+5f(io6)s zrn^ s«tera oismoi g^*t££ ti#sr 4=e ao. oish as, #7i 

EH3IU^( 106)5!- gjXFft gSfflSS .ttStT 2^2J £jU2I- S*» * 21M 'SEJ- OKJEI- MGI: □ £!Ex1l 71 
5KT00)l* 7|sllAI£ a Ol^i is 4 SiEh 

MMWKH, #71 M&*l( 102)7* SSI! »£H 7I5K100)2| 23011 #71 S?HAld02)M DH»AI'?IE« §9 

ar, oii'SEH .tfas sssj- s s-BSBtH" QH i §a^(io8)M sssjek. orsn a a, srssi 

DHM 13^(108)01 SSEICH Sl^ BI°JjE|M H 2|2| °4E|!=t S^£S *t3:BO.. 

E 9a ffi- £ 9b& HQI'S i E 4 M&S(H'8), 711 01 S ^10|A|(122) S HI tflg »TO(W»Ml tfg^ 
UEftHCK :?MS|£S, #71 °4HM 3^ H|°4EIM 71^(100) #011 * 

«)H2j Hois ' ±bq fi-gioi8)s ssto #7i nois ^ e 4 nrsxim mqim.=. #7i 
7i5(ioo)i ic*»& §(120)01 traao. #7i hois aw ih@s(ii8)^ e 521 hoi-m asic»u ^ 
a* tra. heiii, #71 mm ^ me d ism mm as*Kiio),.» ^ioim E2si(ii2), a 2 tii 
ois ES9KH4). mm s^(ii6)# '^»aiss *wi' BiEiaasgiW ssea. #71 HOIS 
bs-skikds saa in^^s sssm, an mm £sskii"2)s g^goi ess saggar 

£«a»a #71 H2 HOIS E2Bt(114)S *JE|AhOIE°h OflgjCH B"£!! tfEIAIDIE^SS *J2 

*m, #71 hois a-s«i.i6)s 61 Era ss-^s aatra-. 

osm. #7i hoim *m i@w(i i8)Qi agg ersaa- 7is°j a soil ^bioiais miskeai eitoa 

ttgtf § ^l-Zf&hCH #71 HOIS ± E A M&8(H8)2| SFAW:0i HOIP ^lOIAI (122)1 SSt-CT. #71 
HOLM 01 Aid 22)^ E 2 LH A| E 40flAi MSSf dffl- SOI fl'St* a*ttt£.3 £EIS ^Sfl^jJ tf?| 

a 'aastsi Qgm #aao. dish safs sanaoi 21**01 csi^g *s#a= hoim 

±101 A1 (122)^ ±@! ?iEHE|A|7} 4n ^± M£M tJlFOI 3711 ##£171 USN ABQIAI Ml 
°|Hh BMtH 71 S( 100)^21 fi!Whl|7h °*of-01 ±10|A|g §S^2J = 11 ^§4= SiH S9 nH 
AIS±(loading capacitance)^ 4= SiQ. ME. #71 TilOiM iH0|AI(122)a §IAl-# I^g£ 

S ^^Uh7l im^Oil S2H2J 7^i^7l#§^S^S S^WI U|«H)I &Ea 7I5K100)M 7^HA1 = 

§ oi^g Ms ^ sin; naioiH aoi * 2iQ. 

fll^ol-01, #71 71IOIS ± E -i| 10M(118) ^! 71I0IM ±1 01 A|(1 22)71- ffiEM 7ie(100)2J gg-(HI 

ni him »xihk i24» ««tfa. #7i nr tHM »?a^(i24)s e 2 lhai e wlm astf aoi 
sai-# s^rBoii 2j^n ^aa ^eis 11^21 c^^^s ssti-EF. oi^itii saf# s^ra^s 

Xill hHM g-A|5t(124)s ±g ?iyiEIAI7f- OH^ ^^hOj ^SStHIAI 71I0IM ±W 1@1(118) 
AfO|2J S( 120)011 DHSEI^ 7H1 1 DHSi §3^(first filling insulating layer)l MOIE 2i0| ^ 
SiQ. ME, #71 X1I1 bHM ^■Al° | -(124)^ SAh# i^2S t^l-71 UHSCHI §2H21 Ai°J"tW7l#g^ 

g£g on umra ^-e^i 7I5.kioo)oh jmx\~ i oi^m * Sin> 2^ ^aoin aoi 

E 10a a E ICtt X1M OH^I ^3^ V (126)M ^^^1-^ UEhtfEK ^l^^S, #71 71101^ ±™ 

l@g(li8), mm ^Bl 01 Aid 22) ^ 7JI1 bHS SA|5j-( 124)01 ^#3 »E» 715(100)21 33011 #71 
Til 01 e ^eh nnEH~ Ah0|2J ^(120)1 DHliol-E^ ^11 DHU 19^(126), OII^CH ^El^ 4TSI-5» tta*T 
Q. OIHI, #et»- SOI Ag ^bf1E|AI7h OH^ HI1 ^A|°»-(124)^S 2loH 711 01 M ±eh 

HHBjM(118) AI-0I2J S(120)(HI M\ Wm §3^(126)1 MOIE ^Ot 4= SiEK 

E 11a SI life HIS E^2i !HSM(134), HIM Ef2] ^BIOlAi a A! 2 HIM ^Al°^ ^^ol-^ E^l 
m UEftfCK ^x-ll^^S, #71 XI} 1 DH^ 13^1(126) #011 ^4=^H^1 HIS E^2J ± E -« HliSM(134)l 
tJ-Ef. #71 HIM Eh2l ± E -1 uHidM(134)^ E 3HI EAItJ" HIM Eh2!(B/L) c AVm W. HEI H, #71 HI 
S EF2i ± E -^ Hed34)g ^^°|(128), HIS E^2J E2^(130) a HIM E^2J ^^(132)m 
S ^CHI nREiy^S^l S^thEK #71 HIM Eh2l ±^ uH&M(134) AMD I Oil ^ #71 ^Ex-il 

715(100)1 iiofr ^(136)01 ^^^IEK 

EhMOiL #71 HIM Eh°i ^ nHSM(134)0l ^^^1 ^Ei-il 71^(100)2] 2 2 CHI HIM EF2I ±BI0!A1M M 
^°|(EA[ e!t, h )e ^ ^^mKH #7| HIM EJ-2J IHSM(134)2J °^«0il HIM Ej-21 

±10|A1(138)M *fS*rEh #71 HIM Eh2] ±10IA1(138)^ E 2 LHAI E 4011 UHU- SOI SAf# 

g^^s £Eia d'tf-^rnr ^Eia ia^2j Ei-g^^s s#£^. oi^tii a7j# g^soii 2j^hoi e^s 

°|HM S^a^ HIM Eh2i ±1101 Al (138)£ ±e 71H|E|A|7|- mil ^± M^M SJ7H ^££17! UH 

^011 HIM Eh2l ± ill 01 Alg M1^2|- M\ DHU §2^if2J ^ ^^H|7h ^ol-OI HIM Bh°J ±JHIOIA|g 
1§°T2J ^JJIIM 2iH S3 5HIHAIS±S 3±AI1 ^> Si Eh MS, #71 HIS EF2] ±BI0|A1(138) 

~ SAf# S^TSHS SS^I-71 [IHS011 gEH2J Al°^^7l#g^^S 1^ g^OII Hmi-01 ^E*I1 71 
5f( 100)011 7^HAI^ g OI^M Ma 4^ 2iH. 2^ ^91013 aoi ^^a h 4= 21EK 

n^mw, #7i his Eh°i ± E -^ is i(i34) a his ^bioiaki38)oi ssa eraa 7is(ioo)2j 
a a on H2 him e #ai^(140)m satto. #7i »2 him saaKi40)s e 2 lhai e wi asti- urn 
soi &x\m s*tboii 2j^n ^ei^ awaf asia §3^21 efs^hs dish g^r 

xi|2 HIM 9«|SK140)s ±m ?)H)E|A|7h OH^ ^mO\ ^^^gOllAi HIS ER! 1 
01(134) AhC)|2J ^(136)011 DHUa^ M2 DHU IS^S SOIE SOI *j#IT 4^ SiEK 

H^mCB, E 6 a E 7011 EAI*]- H^ SOI #71 HIS EF2J ±^ 1@»(134), HIM E^2J ^801 Al (138) 
a WI2 HIM »X|SK 140)01 BIE8I 7IS(100)2| 2S011 #71 HIM EhS ^ 101(134) AI-0I2I 

^(136)1 OHimFE^ M2 OHH §3^(142)1 a^tfEK OIQH, #^ UBT SOI ^gj 71H1EIAI7I- DH° 
?Wxil2 HIM »3q^(140)£S 2!*l HIS Eh°] ^ IH@M(134) AFO|2| S(136)M JA2 OHS! 
S3^(l42)e SOIE SOI ^^s- * SIEK 

B MMWlZ ^EIM ^SA|2] S?Hx| LH Oil S«a£ EhQIU^ 71IOIM ^lOIAd, HIM Eh2J ^BIOIAI, 711 

ois ^bioiai a tiioim ±m m&m #oii ^^a^ sir him swi^v a him aei ^bioiai a his 
E^2i ^ E -^ nn@i #oii ^sa^ »2 him ^ai°ii aAh# s^ge oig^roi ^Eia a't^nh ^Eia 

a^oj. a ^ Aht|P^ ^Eia S'i^ h 2J EhS^S SSt!-EK HE1LK #7| EhOlU^, HOIS ^ 
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Mow, him Eh2J ^aoiAi; ai mm iwsh m lhm gwis*s ■sw.tija ^t^o^ sra* g*r 
g*tr ufai- «ror e hsw- s.e» ^eim *!2ai°j msjxi lhchi ^sei^ ehdiu^, Tiioii ± 

fflOIAt HIM Eh2! £101 A1, 711:011 Al 0| A1 #M S#E| = H'l HiiM S/SES b|:M EF2! ±B 

01 Ai a HIM EI-2! *Hf IHi!§ #0« 32 MB BWJ-eM #=TB1 QISWS ^512 Us* 

°»-nh tfas'tfaW e= 6 a 5 #fi^ gaa aapisi os^s" sstio. 

OIHTtl SX|-# S^TS^M ##*f BJEi-il ^AhB) :?« R£M1 SSW 3^ §31 ^ 733 7|# tm 71 

# s*raoji hi^h § oi^t ?w 94 an <*as «*»ereiu fl-aa iii^a s^ssi 
Mai 01 3 aoi "*air ^ sto. 

^si, Tii 01 m ^ioiaiu him aei ^MoiAii a»# s^raou eitr aaa am*m ^eis st^ra 

OS@t2-3 §21? 2£ TilOlM iBOIAILi HIM Et-21 ±HiO|A|g »B5tB/«535f, Ota EH 6135 7I5T 
OIU HI ORB m^M?i $W tiMUVl S4*fO. #71 TfrOlM ^lOIAlU bIM EF°i ahi-oiais- ±m 
5HHiE|Xl?l- ^**KH #71 7J0IM ±101 AIU HIM E^2J ^IHIGIAiBJ $M y?)| V 3= 2t-H MS 
3HiHA|@^t § a . * 2tO. 

nan, #7j nom ±ioiai a tiioim ^ m ^ mj §> Uj E Ehe« ±ioiai a him e^ ^ e -*i ehsm 
#oii ztzf «seis 11 His s^sj- a 12 nm »*i^* sw# s*rtt* 01 saw cwetss tigi* 

2°, TilOlM ^^h IH@B "a HIM EF°! fi|@§ AH3|2| BM MQIE SOI OHB Ba^SS OHHAIS 

1. LH^Qil M 21x1 71- BhES 71 »; 

M5Hxi lh^ a h^ s-oii ssan, §^aoii ^eie mtm a ^as i+si-^Bi ci- 

§2t£M ^^£J EhOlU^; a 

a^i e an « Oil MOIE SOI OHMS OHM 13^1 StmhOl Oj^CHXI ~ 

2. mmm ?mm, m?hxi a mm 12^01 ^^Eioi sz= j\b n 

01 M ±m M S MSL 

4 h 7! TilOlM EHSM^ ^^CHI Til DIM ^5llO|Ai£h ^71 Til 01 M ^10|A1 ^Dil aA|-# g^T 

^Dil °mQI ^El^ ^f^^ ^El^ ls^2J Qg°^£M ^^^! XiM LHM ^Al^lh 

<gj\ HiM^A|°l ^1 TilOlM ^Eij SHSM^J A^OIM SOIH 2*01 OH El Oi H~ XiM DHU ^3 
Ci itmi-01 OI^OiAl^ 511 ^S^M o^-ll iAK 

3. ^l^Oil SiOiAi, ^-71 TilOlM ^JfilOlAi^ §JA^ g^SOil ^JuhCH » s'EI^ 
IS^^I QI-S^M ^S^M "i-E^I 4:AK 

4. i2troii snow, ^7i an mm hime^i nH^inK 

^71 HIM Eh°! ^ E -^ ° c ^«Oil ^^^! HIME^ ^fiilOIAlEK 

^71 HIM Eh°J ^SilOlAi a HIM Eh°| ^ E -^ IHSM ^Oil SAh# S^Oil ^El^ a £EI 

^71 »I2 Hilt ^A|5| AKDI^J H|ME^°] ^ E -^ EH^M AhOlM SOIE 2101 OH^EIOi Si^ OH « 
□ ^ti^hOI OI^OiAl^ 21 mg^M ^Ex-ll ±K[. 

5. nttrn kchaj, #71 him eki ^iioiai^ e^rawi °i^ra ^ei^ a «a 

g^tr 6. LH^Qil M2HXI7I- ^^E! STEall 71 S; 
6^1 MgHxl LH^ a HROJI EhOIU°|J 

#7i M2Hxioii mm^ mm 

#71 9K*II 715 #Qil TilOlM ^ IHSM: 

#71 TilOlM ±m IHSMBj °^«Oil ^S^! TilOlM ^SiiOlAi; 

#71 TilOlM ^EilOIAI #OiI g^S&il ^i^hOl ^El^ a ^EI5 isf^ Q^^M 

3 All MBSWIsfc 

#71 TilOlM ^HIGIAI TilOlM ^ EH@1 W\W DHfU^fe I DH^ 19^; 

#71 91 OHg §3^ #Oil HIMEI-2J ^ E -4 E«@#; 

#71 HIM Eh21 ^ E -^ EH@g°| of^wQfl U| MEI2! ^EIIOlAi; 

#71 HIM Eh2J ^EilOIAI a HIM B|-°] #(HI S^ISOil 2J5F01 ^E|^ ^tl-^ a 4'E1 

5 DS^M XD2 HiM^AI^; a 

#71 HI2 bHM^AI^ AhOI°l UlSaS! ^ EHSll MOIE 2101 DH^JEICH 21^ M2 DH§ StJ- 
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sra oi*chh= 21 m&?-^ m= STEM 

g^7. HttHH ^ICHAi, 271 BWIU^IK 271 HOIS ±II01A| S HIM EI3 ±101 M= ^ S 
W# S^rSOfl 2|*KM- £E|£ i^ D 4 a £B| = ffftapi C»Sf. 9! S^SOil fi|*K)|'tfEI5 fc* 

g^tj- 8. &Eai us aoiM m?hxis ewn 

271 m?h« lh«i a m\ a»# s«khh ^oKm ^eie assts ^bi^ aajera osstas 

«2£! BhOIU^i SSSib 3711; S! 

271 SOIE StOI DHUuh^ OHM »a-s»ttfi*h= 37111 3tm01 OI^OWIS 21 ^3^M 

9. aiBtHHI 2JQIA1, 2:71 SHMUSfg £!§ MaiOIH SOI S2sfe 21 §925 UHSfl 

aw 10. mtfN 21-01 Al, #71 BHJIUSfl 72Sfe fiEIS 9&s|£ A^0!, fe'EI.3 HtKSi- 
alkyi), fi|EI5 «EK)IE(.Si-h&l ide) E^ filEtS 0HDIE(Si-amide)2| flg.5 £:62h HSU Oh «.EE 
□f SSLTQh E£ IB^Dh H42J -fl&H.B OIS*KM SSSfe Si §S££ BJESI SIS 

a^tj II. astm ^oiai, 271 ekdiu^m ^sm^ ^eis ttaws awe, sieis 

gffiAroiE(Si-alkoxide), £E|? SI! (Si-alky I )', gEJS ITEM E (Si -ha I ide) E~ 61 El 5 0H1|E(SI- 
amide)^ fi|EI5 £±2h *§7I, jlfc&fS-^, 1EEDF ^(plasma 0_O, iTtl- S£(NJ)) E£ 1 

Eh*0|- AhtH^(piasma N,0)2| 0IS§H3| «2tfe 2# ^9^M &fe BEM £K\2\ *fl£g- 

hH 
t=j < 

12. a6*HHI SICHA1, 271 MSijxl a OHM S'SSfOI §2S B*E» 71 B 20U 7ilO|M ^ SHS 

Ml SStfe 3TII2h 

271 Til DIM ±B| n§?«S| SW30II Til 01 M ±50 01 All SSSI^ 3711 2h 

271 Til DIM ^HilOIAI a Til 01 M ±m EHS1 ^Oil e^CHI °ltlO\ ^E|^ ^th^l S ^BIS H 

^1 3501 bHM g-Al^- ^| Til 01 M ±™ uH^MSI AhOlM SOIE 2J0I AM OHU ^3^1 QHH^^ 

BTiis □ ±w>m oi^chxi^ 21 ms^M m= vm\ 

g^lT 13. S1I12&HHI SiCHAI, 4^1 Sill U\m 2§ HEilOIH SOI 21 ^9^^ 

14. Ji\]2%m 21CHAI, ^1 Til DIM ^10|Ai^ g^CHI ^Jol-Oj ^EIE 1'^ g ^El 
a Ai-^o|oj Qgo^og 21 iS2^ "'"Ej-ll ±xw mz*^. 

15. X1I121HHI ?iOU1, ^71 «|1 DHU §3^^011 H|ME|-°] ^ E -^ ISli SSofe E^I2h 

291 HIM Eh3 — ^-n EHSl^J ^^Oil HIMEh^j ^JtilOIAll ^'Sol-^ E^I£K 

HIM El-e] ^SilOlAi S HIM E|-£] SHS1 ^CHI S XhS g^CHI 5JoW ^El^ ^t|-^ S 4'B| 
5 ^th^BJ Qg°|^M Hi^^Xl^l ^^^fe 371l2h 

gj\ M2 HiM^XI^ 22] HIM Eh3 — ^ HHS AF0I1 MOIE SOI X1I2 DHU SS^S 0Hg3fe 3 Til 
M □ 54rtF0| Ol^OiXI^ 21 HS^M uh» BTEM ^Xh2J 

16. HllfeHH SiOlAi, fl|2 Big &X|°|g 215 ££11013 SOI 21 ^9^M t[ 

S^tr 17. SiOiAl, 2-71 HIM E^ ^lOIAI^ SA|-# g^Oil 2\m0\ ME\^ ^ 4' 

El 5 ^5^2J QS°^M ^2^F^ 21 1§2S 5fe OHExfl ^Ah2J SI^B, 

■TO 18. &ESI 71 SOil s '§ SOIM setftV ^^ofe E+»1 ; 

271 M!Hx| LH^ a H^ 2-0)1 SA|-# §*!S0|| 2J§p ^jE|= Ith^ a s l E|^ <^t|-°|2J Qg°f£g 
^2^1 EhOIU5|§ 3T1I; a 

271 M?HxH MOIE SOI DHBo^ OHM S2^£ E^l; 

271 M?H7;| a DH1 13^01 aSS Si-El 715 2011 Til 01 M ±™ S2^F^ E^|; 

271 Til 01 M ±™ 1EI12J Sf=«0fl Til 01 M ^ffllOIAil ^2^1-^ 3T1I; 

2-71 Til 01 M ^HilOlAi a Til 01 M ^ HHS1 2011 CHI 2^01 ^EIS i.^^ h a £EI5 1 

m^ h 2] QS9|og an HIM SAI^-l ^23fe 3fll; 

271 «|V kHMSXI^ 22) 271 Til 01 M EH S12| AI-011 S0|E SOI fill DHB 13^1 DHUoh^ 
3711; 

271 till OHg] §3^2KHI HIMEI-3 ± E A 1^11 ^2Sh^ 3T1I; 

271 HIM Et-3 ^ flHiil2J ° c ^»Qil UlMEhS! ^101 All ^2ofe 3711; 

271 dIM Eh°] ^10IAi a HIM Bh3 20il S^ISOII 2J^hCM ^El^ ^tj-^l a £E| 
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